One thousand thirty-one lines of Vigna sinensis (cowpea) 12 days after the inoculation with purified virus at a were surveyed for response to mechanical inoculation of the concentration which was one hundred times that which SB isolate of the yellow subgroup of cowpea mosaic virus on would uniformly infect susceptible lines. Protoplasts were the primary leaves of seedlings. Sixty-five lines (6.3% of the recovered from primary leaves of 55 of the immune lines. total) were classified as operationally immune because no Protoplasts from 54 of the immune lines proved to be symptoms were observed and no virus was recovered at 7 to susceptible to the SB isolate.
A particular plant may not detectably support the survey are summarized here. As a first step in elucidating replication of a particular virus after mechanical possible mechanisms of immunity and in classifying the inoculation, or the virus may replicate with effects on the immune lines, protoplasts from the immune (to plant which vary in severity according to the virus-host mechanical inoculation on the primary leaves of combination and the conditions under which the plant seedlings) lines were inoculated with CPMV-SB. was inoculated and maintained. Some lines of the same Susceptible protoplasts were recovered from all but one plant species can exhibit immunity even though others of the immune lines. exhibit various degrees of susceptibility. This has been of practical value in situations in which it has been possible MATERIALS AND METHODS to introduce immunity or resistance into susceptible cultivars by performing genetic crosses with the immune Viruses and seed.-The SB isolate (1) of cowpea or resistant lines. However, very little is known about the mosaic virus was from the collection maintained in this biochemical bases of immunity or resistance. We began laboratory. Isolate CPMV-DG was obtained from N. G. investigating the phenomenon of immunity because it Vakili, Federal Experiment Station, Mayaguez, PR represents a valued property when introduced into a plant 00708. It is so designated because of the dull-green line and probably represents, at the molecular level, the symptoms it induces on some cowpeas. The CPMV-DG most extreme (and therefore the most easily investigated) used in these experiments was recovered after serial local contrast to full susceptibility, lesion transfer in Pinto bean. In immunodiffusion tests The SB isolate of the yellow subgroup of cowpea CPMV-DG reacted with antiserum to CPMV-SB but mosaic virus (CPMV-SB) is considered the type member appeared to be more closely related to Arkansas CPMV of the comovirus group (5) and is a two-component virus (11) than to SB, which confirmed the observations of system (7). We found that it was not capable of increasing Vakili(personalcommunication). Isolate CPMV-DG has in cowpea line 'Black'. The observation of this example of the pattern of centrifugal (4), and electrophoretic (8) immunity to CPMV-SB inoculated on the primary leaves ribonucleoprotein components and of capsid proteins of seedlings stimulated us to survey other cowpea lines to (13) Table 2 ). 'Immune by the criteria of no symptoms 7-12 days after inoculation with 250 Ag/ml CPMV-SB and no virus detectable in inoculated or secondary tissue by transfer to Blackeye 5 cowpeas or by immunodiffusion. Sixty-five lines are in this category.
dLines not obtained from the Plant Introduction collection of the United States Department of Agriculture. 'From a Plant Introduction collection, but no P.I. number is available. 'Pinpoint, necrotic local lesions on the primary leaves and no symptoms on the secondary leaves; no virus was detected in the secondary tissue. Fifty-eight lines are in this category. 'Chlorotic and/ or necrotic local lesions on inoculated primary leaves and no symptoms on, nor detectable virus from, secondary leaves. Sixty-two lines are in this category.
hChlorotic and/or necrotic local lesions on inoculated primary leaves; mosaic on, and/or stunting of secondary leaves or no symptoms on secondary leaves. Virus was detected in the secondary tissue. Eight hundred forty-six lines are in this category.
photometrically using an absorbtivity of 8 cm 2 mg-1 at 260 RESULTS AND DISCUSSION nm (8) . Cultivars and lines (referred to here collectively as 'lines') of cowpeas [ Vigna sinensis (Torner) Savi] were of Responses of seedlings to inoculation with cowpea several sources: Black from R. J. Shepherdand Blackeye mosaic virus.-Sixty-five out of the 1,031 varieties tested 5 from C. Tucker, both of the University of California at were operationally immune (Table 1) , by our criteria, to Davis; line G-21 from B. B. Brantly of the Georgia CPMV-SB when inoculated on the primary leaves at one Experiment Station at Experiment, Georgia; four hybrid hundred times a concentration of virions which uniformly or sib-crossed lines, designated in the form PR-V-71-00-infected susceptible cowpeas. For each line the immunity ROO, from N. G. Vakili; and all other V. sinensis lines has been confirmed in at least two separate experiments. from G. Sowell, Jr., U.S. Department of Agriculture Most (82%) of the lines proved to be sensitive. Wells and (USDA) Plant Introduction Station at Experiment, Deba (12) found that six out of 116 Plant Introduction Georgia. Eight lines designated in the form T-0000, which lines and 16 out of 342 "indigenous pure-lines" were are of the subspecies sesquipedalis ("yard-long bean") immune or highly resistant to a CPMV of Nigeria which were from N. G. Vakili.
had been inoculated as sap from infected plants. Inoculation of seedlings.--Primary leaves of seedlings Robertson (10) reported that 14 out of 62 USDA Plant were inoculated, using 45-/im (320-mesh) corundum Introduction lines, when inoculated with either of two (Fisher Scientific, Carborundum) and cotton-tipped Nigerian CPMV's in crude sap, failed to develop swabs, with 2.5 jg/ml of purified CPMV-SB in 0.05 M symptoms or to develop a level of virus detectable by potassium phosphate, pH 7.0,6 to 8 days after sowing in a transfer to susceptible cowpeas. In the summary below, glasshouse equipped with evaporative cooling. Plant lines comparisons are based on the assumption that identically were assigned to the categories of "sensitive," "resistant," spelled names for USDA Plant Introduction lines refer to and "hypersensitive," according to the criteria listed in the same cultivar. The following were found to be highly footnotes h, g, and f, respectively, of Table 1. The first resistant or immune to Nigerian CPMV's by Wells and category differs from the second in that infection was Deba (12) and by Robertson (10) and, in this work, to be systemic for lines classified as sensitive. Resistant and immune to CPMV-SB: 293453 (Arlington), 293467 hypersensitive lines were distinguished on the basis of the (Brabham K892), 293514 (Groit), 293582 (Victor K798), formation of pinpoint necrotic local lesions on the and La. Purchase. The following were immune to inoculated leaves of the latter. The lines which tentatively Nigerian CPMV's, according to Robertson (10), and to were considered "immune", because no local lesions or CPMV-SB according to our results: 293466 (Brabham), other symptoms were apparent, were retested in a 293491 (Columbia), and 293581 (Victor). Number 293522 controlled environment chamber with day and night (Jackson Alabama) was found to be highly resistant to a temperatures of 27 and 23 C and corresponding relative Nigerian CPMV (12) but sensitive to CPMV-SB. Five humidities of 72 and 69% (18 hr of daily fluorescent and lines were found to be immune to the two Nigerian incandescent illumination, -21,500 lux at the leaf CPMV's (10) but sensitive to CPMV-SB: 293457 height). Seedlings (at least 10 per trial for those lines for (Blackeye), 293468 (Brabham Victor), 293473 (Buff), which sufficient viable seed was available) were 293567 (Six Weeks Alabama) and 293568 (Six Weeks inoculated with 250 g!g/ml CPMV-SB and were Georgia). Bliss and Robertson (3) reported that line considered to be operationally immune if no symptoms Dixielee did not show systemic symptoms when appeared on any plants of the line and, in the interval 7 to inoculated with the Nigerian CPMV's, and "no virus 12 days after inoculation, no virus could be detected in could later be recovered from previously inoculated expressed sap of either the inoculated primary leaves or plants." Dixielee was found to be sensitive to CPMV-SB. the secondary leaves by immunodiffusion or by Vakili (personal communication) found that most inoculation to Blackeye 5 cowpeas. Sap from the individuals of 503 Plant Introduction accessions available inoculated Blackeye 5 cowpeas also was analyzed by to him were susceptible to the Puerto Rican CPMV, immunodiffusion in most cases.
giving dull-green symptoms under field conditions. (The Isolation and inoculation of protoplasts.-Protoplasts lines designated in the form PR-V-71-00-ROO were of primary leaves (-• 0.5 g of tissue) were isolated (usually derived from individuals showing resistance to the 8-9 days after sowing) essentially as described (2) except CPMV giving dull-green symptoms.) All the lines listed in that the step of immersion of the leaf in 70% ethanol was Table 2 have proved (in our unpublished tests) to be omitted. Because suitable polyornithine (2) was no longer susceptible to CPMV-DG, though 367925 and La. available, protamine sulfate was substituted as a Purchase seemed to be more resistant than the others. potentiator of infection by CPMV. The inoculum was Vakili (personal communication) observed that purified CPMV-SB at 10 Mg! ml in 0.45 M mannitol, 0.01 resistance to a Puerto Rican CPMV which induces yellow M potassium citrate, pH 5.6, 75Ag/ ml protamine sulfate. symptoms is controlled by genes which are distinct from It was incubated at 25 C for 5 min before exposing those for resistance to the virus inducing dull-green protoplasts to it. Eight ml of protoplast suspension ('-' symptoms. 106/ml) were centrifuged at 100 g, and the protoplasts Inoculation of protoplasts from immune lines.-Seed were suspended in 2.5 ml of the virus solution. The from 10 of the 65 lines listed as being immune in Table 1 suspension was incubated for 15 min; the protoplasts had poor germination or appeared heterogeneous. We were washed and the incubation was continued at 28 C as did not attempt to isolate protoplasts from these. The described (2) except that chloramphenicol was omitted susceptible cultivar Blackeye 5 was the source of from the incubation medium. The protoplasts were protoplasts in the previously developed procedure (2) for washed, disrupted, and assayed for virus, also as protoplast isolation. That procedure proved to be described (2).
successful in recovering protoplasts from primary leaves
